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Part V-7-1
Coastal Engineering for Environmental Enhancement

V-7-1. Introduction

The purpose of this chapter is to provide an overview of coastal habitats and information resources
on the creation and restoration of coastal habitats. For the purpose of this report, coastal habitats
include both marine nearshore habitats and estuarine (both brackish and freshwater tidal) habitats.
Many projects are or can be designed to restore, create, enhance, or protect critical coastal
environments and the natural resources (fisheries, wildlife, etc.) that depend on them. Innovative
uses of new and traditional coastal engineering technology have enabled scientists, engineers, and
resource managers to rehabilitate degraded coastal habitats, create new habitats, better identify
habitat needs and opportunities, and manage environmental impacts from development projects.
Opportunities to provide environmental enhancements or mitigation in traditional coastal
engineering projects (those that do not include habitat creation/restoration or protection as the
primary objective) are also presented in this chapter, along with a discussion of potential
environmental constraints and issues that may affect coastal engineering projects in general.

V-7-2. Coastal Habitat Projects

a. Individual habitat restoration, creation, or protection projects in the coastal zone provide
identifiable benefits onsite. However, in the context of an ecosystem, watershed or landscape, they
provide a continuum of benefits which may not be realized at the outset by all project participants.
Recent Federal directives and other agency initiatives in restoring coastal habitats have encouraged
the implementation of ecosystem-level planning in the design phase of projects (Thom 1997).

b.  One example of ecosystem evaluation incorporates the concept of landscape ecology. Landscape
ecology focuses on the interaction of three characteristics: (a) structure (the spatial relationship between
ecosystem elements), (b) function (the interaction among these elements), and (c) change (the alteration in
structure and function over time) (Forman and Gordon 1986). Several components make up natural
landscapes and they include: (a) Matrix (the dominant landscape type, in coastal situations this may be water),
(b) Patch (a nonlinear surface area differing in appearances from its surroundings, such as a coral reef
surrounded by water), (c¢) Corridor ( a narrow strip of habitat that differs from the matrix on either side, such
as a band of seagrass), and (d) Node (an intersection of corridors). Individual patches collectively form a
heterogeneous mosaic. Organisms within an individual patch (e.g., fish residing in a sub-tropical seagrass
bed) may migrate between or among adjacent habitat patches using corridors (e.g., mangrove forests, coral
reefs), depending on seasonal, diel, or environmental influences. Effective management of entire ecosystems
entails improvements or enhancements to multiple habitat types, with an understanding of the role of habitats.
An example of this would be to consider both adjacent and distant habitat types that Pacific salmon are
heavily dependent on. That is, near coastal areas and estuaries for juvenile rearing, open ocean areas where
they mature and spawning areas located as much as 500 miles upriver in freshwater. Recognition of the
interactions between coastal, freshwater, and terrestrial systems, and an understanding of processes occurring
in nearby watersheds such as agricultural or industrial activity, are key to planning habitat projects on an
ecosystem scale.
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¢. Several other approaches are valid when considering restoration in the large scale. Examples include
the analysis of limiting factors on keystone species. Other restoration efforts have focused on comparison
of the historical ecosystem with the current regime to determine what critical elements have been lost. No
one single methodology is right for every situation but it is important to evaluate individual restoration efforts
in the larger context.

d. Recently, scientists and managers have developed recommendations for improving the state-of-the-art
in habitat restoration (Pastorok et al. 1997). These recommendations include refinements in developing goals
and objectives, consideration of spatial and temporal scales in design parameters, flexibility and adaptive
management in project planning and design, and the importance of establishing long-term monitoring
programs to document structural and functional attributes of habitats being restored. Additionally, the
concept of ecosystem management is becoming the more common, especially on Federal lands. The primary
objective of managing an ecosystem is to maintain its integrity of function, diversity, and structure.

V-7-3a. Habitat Trade-offs: Issues Associated with Compensatory Mitigation

a. Within the last two decades, habitat restoration and creation have increasingly been used as
requirements to mitigate for damage to natural resources. This is required in order to compensate for habitat
losses as specified in Section 404(b)(1) of the Clean Water Act of 1972 and many state and local regulations.
When most of these laws and regulations were passed, wetland and aquatic habitat creation and restoration
were still developing technologies. By the mid-1980’s, mitigation for human-induced wetland losses became
standard practice in the United States.

b. Mitigation is often described as three general types: avoidance, minimization, and compensatory.
Under Section 404 of the Clean Water Act, these actions are sequenced in such a way that avoidance is
preferred, impacts that cannot be avoided are minimized to the greatest extent practicable, and finally a
determination of appropriate levels of compensatory mitigation are determined based on the analysis of lost
functions and values. One useful approach to evaluating coastal habitats for mitigation needs has been
developed by the U.S. Army Engineer Research and Development Center (ERDC), formerly the U.S. Army
Engineer Waterways Experiment Station (Ray 1994).

c. Mitigation may occur at or near the affected habitat (onsite mitigation). It is also considered
acceptable to mitigate for damages by creating or restoring habitat elsewhere (off-site mitigation), especially
when on-site mitigation would be adversely affected by the surrounding development. In-kind mitigation is
accomplished by restoring/creating the same habitat type (e.g., mitigate for intertidal salt marsh lost by marina
construction by creation of salt marsh on nearby dredged material deposit). Out-of-kind mitigation involves
compensating for the loss of a particular habitat type by replacement with a different habitat type (e.g.,
creating a salt marsh to mitigate a seagrass bed destroyed by construction of a ferry terminal). The various
combinations of mitigation strategies include onsite in-kind, onsite out-of-kind, off-site in-kind, and off-site
out-of-kind. Preservation of valuable habitats is sometimes used as compensatory mitigation. Yet another
alternative involves the use of mitigation banks, large habitat creation projects that developers have the option
of contributing funds to in lieu of actually constructing a mitigation wetland. Though many have criticized
mitigation banking as a way to skip avoidance and minimization of adverse impacts, in practice, mitigation
banking is probably a superior alternative to haphazard construction of small, poorly designed wetland
creation projects that are unlikely to be monitored or maintained. In all cases, avoidance and minimization
of project impacts are considered preferable to compensatory mitigation.

d. Compensatory mitigation has been criticized and deemed largely unsuccessful in coastal habitats
(Race 1985, Zedler 1996a). Restoration of lost ecological functions is difficult to achieve in created wetlands,
particularly those that are small and/or isolated and affected by surrounding land use. Even when vastly more
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habitat area is created than was lost, it may be insufficient to provide functional equivalency to tidal wetlands
lost (Zedler 1996b). In recent years, there has been considerable research on measurement and assessment
of functional equivalency in restored and created coastal habitats. The results suggest that even in the case
of the most well-designed and carefully executed projects, restoration of certain ecological functions may not
occur for decades (Simenstad and Thom 1996).

V-7-3b. Habitat Restoration: Issues and Initiatives Beyond Compensatory Mitigation

a. National policy concerning the protection, restoration, conservation, and management of ecological
resources encourages initiatives to go beyond traditional compensatory mitigation concepts and develop
environmental projects, including coastal habitat improvements, based purely on environmental benefits.
Accordingly, ecosystem restoration has become one of the primary missions of the Civil Works program of
the U.S. Army Corps of Engineers. The purpose of Civil Works Ecosystem restoration activities is to restore
significant ecosystem function, structure, and dynamic processes that have been degraded. Ecosystem
restoration efforts will involve a comprehensive examination of the problems contributing to the system
degradation, and the development of alternative means for their solution. The intent of restoration is to
partially or fully reestablish the attributes of a naturally functioning and self-regulating system. Study and
project authorities through which the Corps can examine ecosystem restoration needs and opportunities are
found in Congressionally authorized studies, pursued under General Investigations, i.e., new start
reconnaissance and feasibility studies for single-purpose ecosystem restoration or multiple purpose projects
that include ecosystem restoration as a primary purpose. Other authorities through which the Corps can
participate in the study, design, and implementation of ecosystem restoration and protection projects include:
(1) Section 1135, Project Modifications for Improvement of the Environment (Water Resources Development
Act (WRDA) of 1986, as amended); (2) Section 206, Aquatic Ecosystem Restoration (WRDA) 1996);
(3) Section 204, Beneficial Uses of Dredged Material (WRDA 1992, as amended); and (4) dredging of
contaminated sediments under Section 312 of WRDA 1990, as amended. All of these authorities can be used
to restore coastal habitats and resources are usually appropriated each year under the specific authority to
accomplish such work in the Corps’ portion of the Water and Energy budget.

b. Additional opportunities for ecosystem restoration and protection may also be pursued through
existing project authorities for the management of operating projects, e.g., through water control changes, or
as part of natural resources management.

c. All of these authorities, which vary in their particularities related to specific applications of Corps
interest, local cost-sharing, multiple agency participation, etc., are potential tools for developing coastal
engineering/environmental projects. Additionally, other Federal agencies provide grants to local jurisdictions
or citizen groups to plan, design, and/or construct habitat restoration projects. Examples of alternative means
of acquiring and restoring coastal habitats include the National Coastal Wetlands Conservation Grant
Program, and North American Wetlands Conservation Grants administered by the U.S. Fish and Wildlife
Service; the National Fish and Wildlife Foundation Challenge Grants administered by the National Fish and
Wildlife Foundation; and the Wetlands Reserve Program administered by the Natural Resources Conservation
Service. Partnering with other agencies is also an effective way of leveraging limited assets in an area that
usually has more needs identified than resources to accomplish them.

V-7-4. Ecosystem Function and Biodiversity in Coastal Habitat Projects

a. Coastal habitats are part of a connected ecosystem of freshwater, estuarine, terrestrial, and marine
habitats. A primary consideration of habitat restoration is what functions a particular habitat provides and
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how those functions relate to functions provided by other parts of the ecosystem. Additionally, it is important
to determine what natural physical processes form and change natural habitats and whether these natural
processes still exist in an ecosystem. A primary goal of habitat restoration and creation should always be to
maintain or recreate natural physical processes because this will help maintain habitats over a much longer
time scale.

b. Coastal habitats also contribute substantially to biological diversity, simply defined as the number
of species within a habitat, bioregion, or worldwide. Concern over protecting against loss of species in
coastal (and terrestrial) habitats is increasing, and environmentally responsible coastal habitat projects should
be planned and implemented with maintenance of biological diversity as a key concern. The primary cause
of species loss in many areas is the destruction of critical habitat for one or more life-history stages of an
organism. In coastal areas, these may include barrier beaches, maritime forests, salt marshes, tidal wetlands,
seagrass meadows, and coral reefs. Pollution and loss of water quality may further stress populations, and
may contribute to a reduction in genetic diversity due to differential mortality and local extinctions.

¢. In certain cases, preservation of biodiversity also may be a primary goal of a habitat restoration,
creation, or preservation project, and many projects have attempted to restore or rehabilitate critical habitats
in areas that have undergone extensive habitat loss or degradation.

V-7-5. Defining Success and Project Maintenance and Monitoring

a. Akey component of designing and implementing habitat restoration or creation projects is to define
how and when your project will be considered a success. This requires identifying a project’s goals,
objectives, and performance standards. Performance standards should be specifically stated in terms such
as composition and density of a plant community or number of fish utilizing a site. While such standards can
often be difficult to develop, they will provide a clear direction for what parameters must be monitored and
how long monitoring will need to be conducted.

b. The most often cited reason for failure of habitat restoration projects is failure to properly monitor
site development and implement corrective action as needed. The National Research Council (NRC 1992)
has identified a need to develop a systematic approach to improving the state of the art in habitat restoration.
A primary area for improvement is in the development and implementation of monitoring programs. A well-
designed monitoring program allows project managers to make crucial changes or mid-course corrections to
projects, ensuring long-term success. Monitoring data can be used by project managers to demonstrate the
ability of the project to meet stated goals and objectives. Monitoring also allows others to learn from previous
projects, and avoid pitfalls in future restoration efforts.

c. Recent guidance on monitoring aquatic and marine habitat restoration projects (Thom and Wellman
1996) outlines the components of a monitoring program. A monitoring program should be designed during
the planning phase as a direct result of the project objectives and performance standards. Failure to do so may
result in the inability to evaluate project performance relative to the stated standards.

d. Baseline data collection helps in setting clear, realistic objectives, provides site-specific information,
and guides the development of the monitoring plan. This is considered the initial phase of the monitoring
program, and provides pre-project conditions against which to evaluate project performance. During
construction, monitoring is carried out to ensure that project design criteria are followed, and to assess any
off-site damage that may occur during construction. Upon project completion, performance is assessed and
management or modifications to the project can be carried out, as necessary, to achieve the desired project
objectives.
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e. Reference site selection is often critical to the development of a restoration monitoring program.
Reference sites are used as models upon which to base a project design. They provide a target for the
development and evaluation of performance standards. Reference sites also provide a control, useful in
assessing the degree of natural ecosystem fluctuations. Pre- and post-project conditions can be assessed in
the absence of reference sites; however, project performance can only be determined relative to reference
conditions (Thom and Wellman 1996).

V-7-6. Adaptive Management

Two of the key elements of success in habitat restoration/creation projects are: (a) clear, technically sound
objectives, and (b) the flexibility and capability to deal with unforeseen problems or physical changes. These
elements represent the foundation of an adaptive approach to ecosystem management. In recent years,
adaptive management plans have been specifically recommended for ecosystem management programs by
Federal and State Governments, and other entities (Thom and Wellman 1996). An adaptive management
approach literally involves “learning by doing” - a sequential reassessment of system states and dynamic
relationships should be an integral part of a well-designed monitoring program (Walters and Holling 1990).
Since our knowledge of ecosystems is often incomplete, project managers must rely on continuous assessment
and data collection to guide modifications intended to optimize restoration projects. Data collection,
comparison with carefully chosen reference sites, and experimentation, where feasible, should be used to
indicate the need for adjustments or modifications to the system (and in some cases reevaluation of original
goals and project objectives). This can be instrumental in avoiding the pitfalls that typically result from
inflexible project designs and represents a “safe-fail” approach, in contrast to the “fail-safe” approach of
traditional civil and coastal engineering projects (Pastorok et al. 1997). However, in order for adaptive
management to work, or even be utilized at all, there must be a clear mechanism for the monitoring results
to be evaluated and a funding source to come back and provide necessary maintenance or construct actual
changes to the project.

V-7-7. Design Considerations and Information Sources for Habitat Projects
a. Underwater projects.

(1) Artificial reefs. Artificial reefs have been used to enhance fishing productivity, in both artisanal and
highly developed fisheries, for centuries. The National Fishing Enhancement Act of 1984 authorizes states
and other government entities to develop and responsibly manage artificial reef programs in coastal waters
of the United States. Since the passage of the Act, reef construction in U.S. coastal waters has increased
dramatically. There are now over 300 artificial reefs in U.S. waters, most in nearshore waters of the Southern
Atlantic and Gulf coasts.

(a) Artificial reefs enhance marine habitat by providing structurally complex substrate and food resources
(in the form of encrusting and epiphytic invertebrates) in topographically homogeneous areas of the ocean
floor. The new substrate is quickly colonized by epiphytic algae, sponges, bryozoans, and hydroids. In
tropical waters, corals are among the initial colonizers. Ultimately, small fish, crustaceans, and larger
predatory fish take up residence. Size, vertical relief, structural complexity and location relative to source
areas are the primary factors that determine community composition of artificial reefs. Most artificial reefs
are constructed to attract and support populations of recreationally or commercially important finfish;
however, reefs have also been constructed to specifically target other resource species such as giant kelp,
lobsters, and corals.
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(b) Engineering and design concerns in artificial reef construction/deployment focus on the following
(Bohnsack and Sutherland 1985):
*  Material composition.

*  Surface texture.
*  Shape, height, and profile of the reef.
* Reefsize, spatial scale, and dispersion.

(c) Proper placement of artificial reef structures is of critical importance. Most reported failures of
artificial reefs are due to improper siting. If deployed too close to an existing natural reef, they may provide
little or no enhancement, and may reduce habitat function of the natural reef.

(d) Artificial reefs may be placed at any depth; most reefs in U.S. waters have been deployed at depths
of 10-110 m (30-360 ft). Substrate type must also be considered. Hard substrate must be located at or near
the surface in order to prevent the artificial reefs from sinking. Natural sedimentation rates in the placement
area should be low enough to prevent burial of structures over time. In high-energy coastal waters, reef
structures must often be mechanically stabilized to prevent shifting or relocation by waves and storm surges.
Water quality parameters in the vicinity of the reef should be assessed prior to deployment. Chronic low
oxygen conditions (hypoxia) and rapid changes in salinity, water clarity, temperature, and nutrient
concentration will negatively impact reef fish and invertebrate communities.

(e) A variety of materials have been used to construct artificial reefs. Some of the earliest recorded
artificial reefs, deployed by Japanese fishermen in the early 18" century, consisted of simple wooden
structures weighted with rocks. Bamboo racks (payaos) have been used extensively in artificial reef programs
in the Philippines; in recent years these have been replaced with modern concrete structures. Recycled
materials are often used to construct artificial reefs. Discarded automobile tires are particularly common due
to their low cost and durability. Fly-ash composites and fiber-reinforced plastics have been used. Wooden
street cars, automobiles, barges, and ships have been deployed at artificial reef sites in the United States and
elsewhere. Concrete structures of various sizes and configurations are also commonly deployed. Quarry rock
and rubble derived from demolition activities, such as channel maintenance, have been used extensively in
reef construction. Detailed reviews of artificial reef construction and design are provided by Seaman and
Sprague (1991), and Sheehy and Vik (1992).

(f) The effectiveness of artificial reefs as a fishery management tool has been questioned by coastal
resource managers. It is recognized that artificial reefs can dramatically enhance fish harvests by
concentrating fish around discrete, identifiable structures. However, it is often argued that the reefs merely
serve to redistribute existing resources from natural sites to artificial sites, and do not actually increase fish
production (Bohnsack 1989). Artificial reefs should be considered habitat creation rather than restoration of
a naturally occurring habitat type.

(2) Oyster reefs. Harvests of the American oyster (Crassostrea virginica) along the U.S. Atlantic coast
have declined dramatically during the latter half of the 20th century. In Chesapeake Bay, which historically
supported the largest oyster fishery along the Atlantic coast, the principal cause of the decline was
overharvesting of the resource (Wennersten 1981). During the early 20th century, yearly harvests declined
rapidly as the fishery became more technologically advanced and efficient. Since the early 1960’s, oyster
diseases and predation, along with reduced environmental quality, have further contributed to the decline.
Currently, the oyster fishery in Chesapeake Bay is threatened with economic extinction.
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(a) Oysters are filter-feeding bivalves (Phylum Mollusca, Class Bivalvia). They reproduce by shedding
eggs and sperm directly into the water column. Oysters are hermaphroditic; they may be either male or
female, and change sex at various times during their life cycle. Larval oysters, or veligers, begin to grow
shells at approximately two weeks of age and sink to the bottom. If veligers are not able to settle upon a
suitable hard substrate (culch), they die. Upon cementing themselves to hard substrate (rock, shell, another
oyster) the juvenile oysters (spat) remain sessile for life, filtering the surrounding water, and forming
structurally complex reefs. Because they are stationary for life, oysters are susceptible to a wide variety of
predators, including gastropod oyster drills, whelks, crabs, boring sponges, and starfish. Most invertebrate
oyster predators thrive in salinity above 25 psu. In recent years, oyster populations in the mid-Atlantic have
been severely impacted by disease microorganisms. While not harmful to man, these diseases have seriously
reduced oyster harvests in Chesapeake Bay and other mid-Atlantic estuaries.

(b) The primary means of increasing oyster populations is by providing additional hard substrate for
veligers to settle on. Typically old oyster shells are used, but in some coastal areas this material has become
scarce and alternatives such as clamshells, concrete, rubble, or fly-ash (not recommended) composites are
used. Inrecent years, coastal engineers have created experimental oyster reefs by depositing dredged material
in areas historically known to support oyster populations, and capping the dredged material mounds with a
layer of oyster shell (Earhart, Clarke, and Shipley 1988). This technique holds considerable promise as a tool
for enhancement of shellfish resources and as a viable alternative to traditional dredged material disposal
options in shallow coastal waters.

(c) Restoring ecological functions attributed to oyster reefs, including water-filtration capacity and
sediment stabilization, is more likely to provide a self-sustaining ecosystem. Oyster reefs provide structurally
complex refuge for a variety of fish and invertebrate species, including many of commercial and recreational
significance. The restoration technique is the same; provision of additional hard substrate to increase
survivorship of newly recruiting juvenile oysters. However, in the case of restoring oyster reefs as habitat,
careful attention is given to the structural characteristics of the shell deposits and orientation/spacing of the
mounds in order to derive maximum use of the resource by target finfish and macrocrustacean species.

(3) Coralreefs. Coral reefs are very productive ecosystems and occur worldwide along shallow tropical
coastlines. The majority of coral reefs occur between 22.5°N and 22.5°S latitude in the tropical Western
Pacific and Indian Oceans, and the Caribbean Sea. However, warm ocean currents such as the Gulf Stream
in the western Atlantic and the Kuroshio Current in the western Pacific allow limited growth of coral reefs
as far north as 34°N latitude (Maragos 1992). Coral assemblages found in waters of the continental United
States (South Florida) are dominated by four species: the elkhorn coral (Acropora palmata), staghorn coral
(Acropora cervicornia), common star coral (Montastraea annularis), and large star coral (Montastraea
cavernosa) (Jaap 1984).

(a) Coral reefs are classified according to geomorphic attributes. The most common type of coral reef
is the fringing reef. Fringing reefs occur slightly below low tide level, occasionally extending into the
intertidal zone, and are situated parallel to the shoreline. The proximity of fringing coral reefs to shore
increases their susceptibility to human-induced environmental degradation. Patch reefs are isolated coral
reefs situated shoreward of larger, offshore reefs. Offshore barrier reefs are linear in configuration, arising
from an offshore shelf, and separated from the mainland by a lagoon. The Great Barrier Reef system of
Australia is a well-known example of this reef type. Atolls are circular or semicircular reefs that are situated
atop subsiding sea floor platforms. They maintain their position above the water column by vertical accretion
as the platform subsides.

(b) Coral reefs are the product of a symbiotic association of corals (a colonial invertebrate) and the
microscopic vegetative stage of dinoflagellates (zooxanthellae) living within the tissue of the coral animal.
Zooxanthellae are responsible for the bulk of primary production within the reef system. The coral animal
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and zooxanthellae remove calcium ions from the surrounding seawater and incorporate them into the coral
skeleton, forming the reef. A variety of invertebrates and fish utilize the structurally complex reef habitat as
a predation refuge and nursery. Because corals grow in oligotrophic waters, nutrients such as nitrogen and
phosphorous are recycled within the system. Gross primary production is high due to the presence of the
zooxanthellae, but net primary productivity is low due to high rates of respiration within the reef community.
Coral reefs function as a sink for nutrients originating from outside the system.

(c) Maragos (1992) lists a number of “functional values” attributed to coral reefs. These include:
*  Provision of a food source.
*  Shoreline protection.

* Sand and mineral extraction.

» Habitat for rare species.
e Tourism and recreation.
* Scientific, medicinal, and educational resources.

(d) Coral reef ecosystems are fragile and have undergone considerable losses in recent years. Sources
of environmental degradation in coral reef systems include mechanical destruction due to channel dredging,
vessel groundings, anchors, dynamite fishing, collection for the aquarium industry and trampling by
recreational divers and snorkelers.

(e) Coral reefrestoration is still very much an experimental technology, and only a few case studies have
been documented (Maragos 1992). Coral reef restoration typically occurs in two phases. First, before any
physical reconstruction can take place, water quality conditions in the vicinity of the degraded reef must
closely approximate that of the system before degradation occurred. Optimal salinity, temperature, water
clarity, and hydrological conditions must be met prior to any attempt to mechanically repair or enhance the
reef structure. This may be accomplished by cessation or diversion of sewage discharges and runoff, and
reestablishment of natural flow regimes in the area being considered for restoration. When the environmental
parameters listed above are conducive to reef development, then mechanical repair or restoration of reef
structures can be implemented. In the case of physical damage due to ship grounding, it is imperative to
salvage as many living corals and sponges as possible. The living surfaces of hard corals die rapidly if
allowed to sit on the bare seafloor. Rubble associated with the damaged reef is typically removed and
discarded offsite in deep water; occasionally it is feasible to reconstruct portions of the reef structure using
cements or epoxies. Ifthe underlying limestone reef platform is damaged, it is often necessary to reconstruct
the substrate using limestone boulders. When the underlying reef platform has been reconstructed and the
site cleared of debris and rubble, surviving corals and sponges are transplanted using a variety of techniques,
including stainless steel wires, nylon cable ties, and epoxy/cement (Maragos 1992).

(4) Live bottom and worm rock reefs. Live bottom habitats are common along all of the coastlines of
the United States. They are particularly prevalent along the western coast of Florida and along the North and
South Atlantic Coast. Live bottom consists of hard subtidal habitats colonized by sessile and mobile inverte-
brates, including sponges, hydroids, bryozoans, crustaceans, echinoderms, mollusks, and polychaetes. Typic-
ally, these organisms live directly upon submerged rock or fossil reefs. Macroalgal communities (e.g., kelp
beds) may dominate in some hard bottom areas. Hard bottom in the surf zone is dominated by low-relief
boring and encrusting organisms. As depth increases with distance from shore, species richness and vertical
reliefincrease. Live bottom habitats are known to attract fish and mobile invertebrates, which use the vertical
relief as a predation refuge, and prey upon the various organisms that comprise the live bottom community.
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In general, nutrient concentrations in the vicinity of live bottom habitats are low, and net primary productivity
is also low, due to respiration by resident organisms.

(a) Wormrock reefs are a specific type of hard bottom habitat found along the southeastern Florida Coast
(Zale and Merrifield 1989). These reefs are composed of the tubes of the polychaete Phragmatopoma
lapidosa. The worms construct elaborate, complex aggregations of tubes by cementing sand grains. These
structures may extend for hundreds of kilometers. A diverse assemblage of motile and sessile invertebrates,
including many other species of polychaetes and crustaceans, are found in association with the worm reefs.

(b) Live bottom habitats are particularly susceptible to changes in sedimentation rates associated with
storms, dredging, and artificial beach nourishment. Invertebrate faunas can adapt to periodic burial due to
natural processes, but chronic or persistent burial resulting from construction or coastal engineering activities
will destroy live bottom. Disturbances due to commercial fishing, such as trawling, are detrimental to live
bottom communities. Vessel groundings and anchor scars may also cause permanent physical damage to live
bottom habitat.

(c) There are few documented instances of live bottom restoration other than coral reefs (Maragos 1992)
and kelp beds (Schiel and Foster 1992). However, many of the general guidelines for coral reef restoration
can be applied to restoration of live bottom. Assuming appropriate hydrodynamic and water-quality regimes,
restoration involves removal of debris and mechanically rebuilding damaged structures. In the case of worm
rock, fragments may be removed from nearby source areas and transplanted onto damaged reefs to speed
recolonization.

(5) Seagrasses. Seagrasses are submerged, flowering marine angiosperms, of which approximately
35 species are known worldwide. Seagrass beds occur mainly in low-energy subtidal and intertidal habitats
along the Atlantic, Pacific, and Gulf coasts of the United States, with species composition and areal extent
varying greatly along each of these coasts. Along the Atlantic coast, eelgrass (Zostera marina) beds occur
from the Canadian Maritime Provinces south to Albemarle-Pamlico Sound in North Carolina. Along the
Pacific coast, eelgrass beds occur from Mexico to Alaska in bays and inlets. Turtle grass (Thalassia
testudinum) dominates along the east coast of Florida, the Florida Keys, and the Gulf of Mexico, along with
shoalgrass (Halodule wrightii) and manatee grass (Syringodium filiforme). In deeper waters off the Florida
continental shelf, two other species (Halophila engelmanni and H. decipiens) occur. Seagrass communities
of the U.S. Pacific coast are comprised of three species of surfgrass (Phyllospadix scouri, P. torreyi, and P.
serulatus) and two species of eelgrass (Zostera marina and Z. japonica).

(a) Seagrass beds are critical nursery areas for many recreational and commercial fishery species,
including bay scallop (4drgopecten irradians), summer flounder (Paralichthys dentatus), and blue crab
(Callinectes sapidus). On the Pacific coast, eelgrass meadows provide nursery habitat for dungeness crab
(Cancer magister), english sole (Parophrys vetulus) and starry flounder (Platichthys stellatus). Juveniles of
these and other fishery species are afforded refuge from predators and benefit from abundant food within the
complex seagrass canopy. Eelgrass beds are also important as spawning substrate for bait fish species such
as herring (Clupea pallasi).

(b) Critical environmental parameters for seagrass beds include wave energy, salinity, temperature, water
clarity, and nutrient concentrations. Depth and water clarity exert the primary controls over seagrass zonation
and the degree of colonization by epiphytes. Redistribution of sediments by waves and storm surges can
severely impact seagrass beds. Diseases can have a catastrophic effect on seagrass communities. During the
1930’s, widespread infection by the slime mold Labryinthula macrocystis decimated Atlantic coast eelgrass
populations (Short, Muehlstein, and Porter 1987). Many coastal areas have not yet recovered from this
“wasting disease.”
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(c) Seagrass beds are susceptible to an array of human-induced degradations. Dredge and fill operations
associated with navigation channel maintenance have taken a toll. Deterioration of water quality conditions
associated with human population in coastal areas remains a primary cause of seagrass bed degradation.
Physical damage to seagrass beds may be caused by recreational boating in shallow waters. This type of
chronic disturbance is common in populated areas and is persistent; turtle grass beds in Florida Bay may
require upwards of a decade to recover from propeller scarification (Zieman 1976).

(d) There has been considerable interest and effort expended to devise effective methods of creating or
restoring seagrass beds, primarily by transplantation. Most efforts have failed, usually because site conditions
are not suitable. The parameters of the transplant site must closely match those of the donor, or reference site,
if restoration is to be successful.

(e) The earliest recorded eelgrass transplant efforts along the U.S. Atlantic coast were documented by
Addy (1947). The first successful transplantation of turtle grass was reported by Kelly, Fuss, and Hall (1971)
in Boca Ciega Bay, Florida. Attempts to reestablish subtropical seagrasses on dredged material deposits in
Port St. Joe, Florida, are described by Phillips (1980).

(f) Thorhaug and Austin (1976) discuss types of coastal engineering projects that could benefit from
transplantation of seagrass beds. These include (a) dredging of canals where both sides can be replanted, (b)
stabilization of the shallow subtidal and intertidal portions of dredged material islands, and (c) other
miscellaneous dredge and fill impact projects (road, bridge construction, marinas, etc.). Transplantation of
turtle grass, manatee grass, and shoalgrass beds in Biscayne Bay, Florida, and other locations in the Caribbean
are documented by Thorhaug (1985, 1986). Darovec et al. (1975) described transplant techniques for
seagrasses along Florida’s west coast. Lewis (1987) reviews seagrass restoration in the southeast United
States, and discusses reasons for failures, as well as success, using well-documented case studies in south
Florida.

(g) Recent efforts to reestablish eelgrass in lower Chesapeake Bay are documented by Moore and Orth
(1982). Thom (1990) reviewed eelgrass transplanting projects in the Pacific Northwest and Wyllie-
Echeverria, Olson, and Hershman (1994) documented the state of seagrass science in policy in the Pacific
Northwest.

(h) Planting techniques, along with cost and labor estimates for establishment of eelgrass, shoalgrass,
manatee grass, and turtle grass on dredged material and other unvegetated substrates are documented by
Fonseca, Kenworthy, and Thayer (1987). Fonseca (1994) reviews all aspects of seagrass restoration,
including planting guidelines and monitoring programs for the Gulf of Mexico; however, this information
is applicable to seagrass restoration in general.

(i) A variety of transplant methods have been used to restore seagrasses, including broadcast seeding,
seed tapes, stapling of individual plants, and use of “peat pots” or sediment plugs containing whole plants.
The latter method appears to be most successful (Fonseca 1994). Fertilizer applications have been tried in
some instances, although performance has been inconclusive (Fonseca 1994). Careful attention must be paid
to spacing of individual planting units in order to achieve site coalescence. Subtropical seagrass beds in
Florida Bay and the eastern Gulf of Mexico have achieved coalescence in as little as 9 months, or as long as
3-4 years, depending on planting distance between individual units. In high-energy areas, beds may never
fully coalesce.

(j) Careful monitoring is critical to the success of any seagrass restoration project. Performance
indicators should include survival rates of planting units, areal coverage, and number of shoots per planting
unit. Fonseca (1994) recommends quarterly monitoring intervals during the first year following planting and
semi-annual intervals for the next 2 years. Areal coverage should be monitored in successive years.
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Assessment of ecological functions (e.g., nutrient cycling, primary production, utilization by benthic
invertebrate and fishery species), should also be conducted, and more recent studies have focused on
restoration of specific functions of seagrass beds, including the ability of seagrasses to modify their
surrounding hydrodynamic environment (Fonseca and Fisher 1986) and their potential for utilization as a
nursery by fishes and invertebrates (Homziak, Fonseca, and Kenworthy 1982, Fonseca et al. 1990).

(6) Use of dredged material for creating shallow habitat. In the face of increasing restrictions on open-
water disposal of dredged material and limited capacity in existing disposal facilities, coastal engineers have
proposed placing dredged material in nearshore waters. In highly developed bay and harbors where shallow
intertidal or subtidal habitat is limited, the placement of clean dredged material can create or restore important
nearshore habitat. Shallow coastal waters are often home to seagrass beds, macroalgae beds, and other
communities.

b. Projects at the land-sea interface.

(1) Mud/sand flats. Intertidal mud and sand flats are a conspicuous coastal habitat type present along
all coasts of North America. They are most abundant and expansive in high tidal range areas such as Puget
Sound and the New England coast. A variety of fish and invertebrate species, many of commercial and
recreational importance, depend on intertidal and shallow subtidal unvegetated marine habitat, particularly
during early life stages. Along the U.S. Atlantic coast these include the sandworm (Nereis virens) and
bloodworm (Glycera dibranchiata). These two species represent an important bait industry in the northeast
(Wilson and Ruff 1988). Bivalves, which occupy mud and sand flats along the Atlantic coast, include the hard
clam (Mercenaria mercenaria) and softshell clam (Mya arenaria); both are harvested commercially. On the
west coast, several commercially important species are associated with mud and sand flats, including the
Pacific razor clam (Saliqua patula), littleneck clam (Protothaca saminea), pismo clam (Tivela stultorum),
Pacific oyster (Crassostrea gigas) and dungeness crab (Cancer magister).

(a) Mud and sand flats are also very productive for benthic and epibenthic invertebrates and algae. They
are an important source of nutrients to the entire coastal ecosystem. In virtually all estuarine and coastal
areas, mud and sand flats are important forage sites for a myriad of resident and migratory waterfowl as well
as wading bird species, which feast on the abundance of invertebrate prey items (worms, small crustaceans,
bivalves) available at low tide.

(b) Restoration and creation of unvegetated intertidal habitats has not received the level of attention given
to restoration/creation of vegetated intertidal habitats, such as salt marshes and mangrove forests. However,
deposition of fine dredged material in shallow coastal waters may inadvertently result in the creation of
intertidal mud and sandflats. Many such artificial habitats were created prior to the implementation of the
National Environmental Protection Act (NEPA) and therefore, are not well-documented. A study by the
U.S. Army Engineer Division, New England and ERDC compared benthic invertebrate community dynamics
at a recently constructed mudflat with a nearby natural mudflat at Jonesport, Maine (Ray et al. 1994). A
diverse infaunal assemblage was present 2 years after construction and included commercially important
species such as sandworms and softshell clams. As with most shallow-water habitat creation and restoration
projects, habitat tradeoffs must be considered. In certain geographic areas (e.g., coastal New England)
creation of intertidal mud or sand flats may represent an attractive beneficial use alternative to conventional
dredged material disposal. Mud and sand flats can also be restored or created by the removal of fill material
that may have been placed in the nearshore zone to create uplands for development. When industrial areas
adjacent to the water are abandoned, it provides a perfect opportunity to remove fill and recreate aquatic
habitat. Another technique used in highly modified shorelines (such as ports) in the Pacific Northwest
includes the creation of intertidal benches that are surrogates for once prevelent mudflats. Long linear
stretches of riprap bankline are altered to accommodate a rock crib that is lined with filter fabric. These cribs
are filled with fine-grained material (50 percent sand, 25 percent silt, and 25 percent clay) and become sites
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for benthic recruitment and algae attachment. These intertidal benches are also placed at specific tidal
elevations for epibenthic production as well. As juvenile fish migrate downstream to the ocean, they follow
the shoreline through the developed port areas and can feed during their migration.

(2) Intertidal salt and brackish marshes. Intertidal marshes are found in all coastal areas of the United
States, except for the southern half of Florida, where they are replaced by mangroves; and certain areas of
the Western Gulf of Mexico, where they are replaced by wind-tidal flats. They are a conspicuous landscape
feature along the gently sloping Atlantic coastal plain, from New England to east-central Florida, in
association with drowned river-valley estuaries and back-barrier lagoons. Intertidal marshes are ubiquitous
in the lower Mississippi Delta and back-barrier systems of the Gulf of Mexico, ranging from west-central
Florida to Southwest Texas. Intertidal marshes are found along the Pacific coast from Baja, Mexico to
Alaska, but are less extensive than those along the Atlantic and Gulf coasts. Large Pacific coast estuaries
(e.g., San Francisco Bay and Puget Sound) historically supported large areas of intertidal marsh, but have
experienced dramatic losses. In the past, the losses were primarily due to the building of dikes and reclama-
tion of the marshes as farmland, but more recently have primarily been due to dredge and fill activities.

(a) Intertidal marshes occur along the entire estuarine salinity gradient from tidal freshwater (<0.5 psu)
to polyhaline (>20 psu) conditions (Figure V-7-1). Ecological functions attributed to intertidal wetlands
include shoreline stabilization, storage of surface waters, maintenance of surface water and groundwater
quality, and the provision of nursery habitat for estuarine-dependent finfish and shellfish species.

(b) Vegetation communities in intertidal wetlands are dominated by grasses (Poaceae), rushes
(Juncaceae), or a combination of the two. Variability in environmental factors (e.g., nutrient availability,
duration and depth of intertidal flooding, and pore water salinity) limits plant species diversity in intertidal
salt and brackish marshes. The spatial extent of the major zones of intertidal marsh vegetation is largely
determined by elevation and its effect on the tidal flooding regime.

(¢) Intertidal marshes provide habitat for a variety of organisms, including many commercially important
fish species. Examples of marsh-dependent fish and crustaceans along the Atlantic and Gulf coasts include
blue crab, brown, white and pink shrimp (Penaeus spp.), red drum (Sciaenops ocellatus), and spotted sea trout
(Cynoscion ocellatus). Early life stages of these organisms are afforded refuge from predators and benefit
from abundant prey resources in shallow tidal marsh habitats. Prey species include various killifishes
(Fundulus spp.) and caridean shrimp (Palaemonetes spp.) commonly encountered on the vegetated intertidal
marsh surface and in shallow subtidal creeks and pools. Characteristic marsh invertebrates include fiddler
crabs (Uca spp.), amphipod and isopod crustaceans, terrestrial insects and arachnids, various bivalve and
gastropod mollusks, and annelids. Wading birds, such as egrets and herons, prey upon resident fishes and
invertebrates of intertidal marshes. Many other birds, both arboreal and aquatic, feed and nest in upper
intertidal marsh habitats. A variety of mammals, including deer, fox, raccoon, and otter, use intertidal
marshes for foraging, breeding, and refuge.

(d) The restoration and creation of intertidal salt and brackish marshes have received much attention in
coastal engineering. This is likely due to the considerable acreage of salt marsh that has been lost along
U.S. coastlines, recognition of the functions provided by intertidal marshes, and the relative ease in which
salt marsh vegetation can be propagated upon dredged material. Restoration of tidal marsh environments may
involve removal or breaching of dikes and berms, or installation of culverts under roads to reestablish the
natural tidal prism. Hydrologic restoration of tidal marshes has occurred in New England (Sinicrope et al.
1990), the mid-Atlantic (Shisler 1990), central Florida (Rey et al. 1990), central and southern California
(Niesen and Josselyn 1981), and the Pacific Northwest (Frenkel and Morlan 1991). Reestablishing tidal
conduits increases accessibility of previously impounded or restricted wetlands to estuarine-dependent finfish
and wildlife. Invasive plant species such as common reed (Phragmites australis), which often predominate
in hydrologically altered wetlands, may be controlled via reestablishment of historical tidal regimes (Roman,
Niering, and Warren 1984).
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Figure V-7-1. Distribution of tidal marsh type along an estuarine salinity gradient

(e) Marsh creation is often a component of the restoration process, especially in projects involving the
removal of fill and/or regrading of adjacent uplands to intertidal elevations. However, it is important to
recognize that marshes can often be created in upland or shallow subtidal areas that have not historically
supported intertidal vegetation.

(f) Techniques for establishing Spartina alterniflora marshes on dredged material deposits along the
south Atlantic coast were pioneered by researchers at North Carolina State University in the late 1960’s to
early 1970’s (Seneca 1974, Seneca et al. 1976). The objective of these early studies was to provide
stabilization of shorelines and dredged materials, and to recoup some of the losses to coastal habitats that had
occurred as a result of human population growth in coastal areas. The U.S. Army Corps of Engineers Dredged
Material Research Program (DMRP) pioneered large-scale salt marsh establishment on all three U.S.
coastlines in the 1970’s (Barko et al. 1977, Smith 1978). Tidal marshes established under the DMRP were
monitored from 1974-1987 (Landin, Webb, and Knutson 1989). Parameters studied include plant propagation
success, shoreline stabilization properties, and utilization by fish and wildlife species. Successive research
has focused on refining the techniques developed by the DMRP, and in recent years, increased attention has
focused on replication of ecological function in created or restored intertidal marshes.
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(g) Tidal marsh creation/restoration, with emphasis on planting techniques, is discussed by Broome,
Seneca, and Woodhouse (1988). Darovec et al. (1975) provide guidance on planting salt marsh vegetation,
including information on handling of seed stock, transplant units, planting intervals, and elevation
requirements, with emphasis on the Florida coast. Roberts (1991) evaluated the habitat value of 22 created
coastal marshes in northern and central Florida, concluding that the basic habitat requirements of fish, bird,
and mammal species that use natural marshes in this region were being met by the majority of the man-made
habitats. Marsh shape and size were critical features determining the degree of use by fish and wildlife
species. Minello, Zimmerman, and Medina (1994) determined that geomorphic features such as tidal creek
edges strongly influenced the abundance and distribution of fishes and invertebrates on the surfaces of
intertidal marshes created from dredged materials in Galveston Bay, Texas.

(h) Salt marsh creation/restoration has been conducted at a number of sites in central and southern
California during the last two decades. There has been considerable debate on the benefits of marsh
creation/restoration as mitigation for destruction of natural wetlands along the west coast and elsewhere (Race
1985, Zedler 1996a). Josselyn and Bucholz (1982) provide a detailed overview of marsh restoration projects
in the San Francisco Bay estuary, including case histories and monitoring studies. Zedler (1988) reviews salt
marsh restoration in Southern California, and discusses the importance of hydrologic concerns, and the value
of experimentation in planning and monitoring marsh restoration projects. Several “lessons” from restoration
efforts in California are outlined, including the importance of planning for the maintenance of rare or
endangered plant and animal species in tidal marsh restoration projects, and a recommendation against the
use of offsite mitigation for development projects that impact natural wetlands. Recently, the San Francisco
District has taken dike breaching to large scale. The Sanoma Baylands project incorporated both levee
breaching of an old salt evaporation pond and beneficial uses of dredged material. The salt pond had been
in use for almost 100 years and as a result the original marsh elevation had greatly subsided. In order to offset
the subsidence, dredged material was spread out over the 117-ha (289-acre) project area to reestablish tidal
marsh elevations. Two other larger scale dike breaches are planned for Hamilton Army Airfield (a 364-ha
(900-acre) abandoned facility) and Napa Marsh. Similar projects also have taken place in the Pacific
Northwest. Trestel Bay, a project in the Portland District, restored over 202 ha (500 acres) by a dike breach
in five separate locations. The ability of created/restored tidal wetlands to perform the functions attributed
to natural tidal wetlands is addressed by Simensted and Thom (1996) in their study of a restored brackish
intertidal wetland in the Puyallup River, Washington. These authors contend that only a few of 16 functions
investigated displayed a tendency toward equivalency with natural tidal wetlands in the Pacific Northwest
in the first several years subsequent to construction. Natural variability among reference sites was cited as
an impediment to assessing the degree of functional equivalence between restored and natural marshes.

(3) Tidal freshwater wetlands. Tidal freshwater wetlands occur along the upper reaches of rivers
characterized by moderate to strong tidal influence. They are most extensive along the Atlantic coast between
Georgia and New England, especially in the mid-Atlantic/Chesapeake Bay region and along the coastal rivers
of South Carolina and Georgia. Tidal freshwater wetlands are also common in the Pacific Northwest, where
considerable freshwater influence and high-amplitude tides prevail (Odum et al. 1984). The vegetation
community of tidal freshwater marshes is diverse, in comparison to salt and brackish marshes (Figure V-7-2).
Rarely does any one species dominate, and notable changes in plant community structure can occur within
asingle growing season. Freshwater tidal marshes can be dominated by emergent herbaceous species, shrubs,
or trees (particularly in the Pacific Northwest), or a combination of all three. As with salt and brackish
marshes located downstream, tidal freshwater marshes support populations of both resident and migratory
fishes, many of which have recreational or commercial significance, including salmon and trout
(Oncorhynchus sp.), striped bass (Morone saxatilis), yellow perch (Perca flavescens), and black bass
(Micropterus spp.). Wildlife, including mammals, reptiles, and amphibians reside or forage in tidal
freshwater marshes. Many arboreal and aquatic bird species are temporary or year-round residents of tidal
freshwater marshes.
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Figure V-7-2. Characteristic profile of a mid-Atlantic tidal freshwater marsh

(4) Tidal freshwater marsh restoration. Restoration and creation of tidal freshwater marshes is
technically similar to that of salt and brackish marshes. One of the earliest of the Corps’ DMRP wetland
creation efforts was the Windmill Point Marsh project conducted in the James River, Virginia (Lunz et al.
1978; Landin, Webb, and Knutson 1989). In 1974, fine-grained dredged material from the James River was
used to construct an 8-ha (20-acre) island surrounded by a temporary sand dike. Upon completion of the
island, the dike was breached to allow natural formation of tidal channels. Vegetation colonization occurred
within one growing season without planting, attesting to the value of seed banks in tidal freshwater sediments.
Information collected on fisheries use and benthic invertebrate communities at Windmill Point represents
some of the most comprehensive data available on faunal utilization of tidal freshwater habitats. Ultimately,
much of the original island site was lost due to erosion and subsidence; however, a spatially complex system
of intertidal marsh and shallow subtidal habitat persists in providing nursery habitat for resident and
migratory fish and wildlife. Several smaller tidal freshwater marsh restoration projects have also been
conducted in upper Chesapeake Bay (Garbisch and Coleman 1978).

(a) Another DMRP project involving the creation/restoration of tidal freshwater wetlands is the Miller
Sands Island habitat development project in the lower Columbia River, near Astoria, Oregon (Clairain et al.
1978). This large island/wetland complex was also constructed in 1974 and monitored extensively to
document vegetation and soils development, and utilization by fisheries and wildlife (Landin, Webb, and
Knutson 1989). This represents one of the few published efforts to date documenting faunal utilization of
tidal freshwater wetlands in the Pacific northwest.

(b) On the west coast, a common method of restoring tidal freshwater wetlands is to breach dikes or
levees constructed for farmland creation in the past. The Sacramento District breached dikes at Cache Slough
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to create approximately 8.9 ha (22 acres) of freshwater marsh habitat (Stevens and Rejmankova 1995). The
Seattle District restored over 162 ha (400 acres) of freshwater wetlands to tidal influences in a WRDA 1986,
Section 1135 project. The Deepwater Slough project used explosives experts from the Army’s 168™ Division
to detonate charges to create some of the breaches. Forested tidal freshwater wetlands are relatively rare
habitats and should be considered an important habitat to restore. Unfortunately, it may take 25-100 years,
as they are not yet mature.

(5) Mangroves. Mangroves are woody trees and shrubs of the family Rhizophoracea, and represent a
tropical/subtropical analog to herbaceaous intertidal vegetation of temperate regions. In the United States,
mangroves occur primarily in southern Florida, especially along the southwest coast, and in scattered
locations in Louisiana, Texas, and Hawaii.

(a) Like salt marshes, mangrove forests provide critical nursery and foraging habitat for resident and
transient fish populations, many of which are recreationally and commercially significant, including red drum
(Sciaenops occelatus), tarpon (Megalops atlantica), and Snook (Centropomus undecimalis). A variety of
wildlife and avifauna, including American alligator (Alligator mississippiensis), American crocodile
(Crocodylus acutus ), Roseate spoonbill (4jaia ajaja ), white ibis (Eudocimus albis) and several species of
herons and egrets use mangroves as refuge and breeding habitats. Important tropic linkages have been
established between mangrove forests and adjacent ecosystems, such as seagrass beds and coral reefs.
Mangroves, like intertidal marshes, provide shoreline stabilization. Mangroves intercept and retain nutrients
moving downstream and maintain water quality via filtration of tidal surface waters.

(b) Loss and degradation of mangrove forests has resulted from hydrologic alteration, industrial and
agricultural land use, dredge and fill activities, and, in some areas, direct harvest for wood products (Cintron-
Molero 1992).

(c) Mangrove restoration. Mangrove restoration is typically accomplished by transplanting individual
propagules (seedlings) along unvegetated intertidal shorelines. Important factors to consider in attempting
to transplant mangroves include plant size and source of donor plantings, salinity, shoreline energy, and tidal
flooding depth (elevation). The latter factor is of considerable importance, particularly when transplantation
is being conducted on dredged material deposits, which may settle over time. Commonly cited reasons for
failure of mangrove restoration efforts include excess wind/wave energy at the transplant site, improper
hydrologic regime (inadequate tidal flushing), and failure to replace planting units lost to mortality (Cintron-
Molero 1992).

(d) The earliest documented efforts to restore mangroves date back to the early 1970’s in Florida. There
are anecdotal reports of earlier attempts to transplant mangroves for soil stabilization in the early 1900°s
(Pulver 1976). Teas (1977) describes the life history of various mangrove species in Florida, with
implications for their restoration. Pulver (1976) describes transplant techniques for red, black, and white
mangroves in southwest Florida. Darovec et al. (1975) provide detailed planting guidelines for mangroves
in South Florida, including information on elevation requirements, planting unit height, age and spacing of
planting units, soil types, and fertilization. Lewis (1982) discusses a variety of mangrove restoration projects
from Florida and the U.S. Virgin Islands, with recommendations for improving the success of mangrove
projects. A more recent assessment of the state of the art in mangrove restoration is provided by Cintron-
Molero (1992) with examples from Puerto Rico and other Caribbean locales.

(6) Rocky intertidal shores. Rocky intertidal shorelines are found worldwide, primarily in high-energy
littoral environments. Biotic assemblages of rocky intertidal shores include macroalgae, particularly brown
algae (Fucus spp.); various mollusks, including limpets, mussels, and gastropods; and barnacles. The
complex interactions among these organisms along rocky shores of the east and west coasts of North America
have been the subject of numerous experimental studies in the last several decades, forming the basis for
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much of our understanding of the structure and function of shallow marine communities (Connel 1972, Paine
and Levin 1981). Shallow rocky habitats along the U.S. west coast are used as spawning sites for juvenile
fishes, including some commercially important species such as Pacific herring (Clupea harengus pallasi).
Shorebirds forage extensively along rocky shorelines and in tidepools. Marine mammals such as sea lions,
otters, and seals breed and reside along rocky shores.

c. Projects in coastal uplands.

(1) Coastal dunes. Coastal dunes are highly dynamic sand deposits located landward of beaches. They
occur along all coasts of the United States, including the Great Lakes. They are especially common along
the Atlantic and Gulf barrier island shores, and also dominate in some Pacific coast areas (California,
Oregon). Dunes supply sand to beaches during erosive storm events, and act as buffers to wave energy.
Removal of dunes from coastal areas can result in significant economic loss from damage to homes,
businesses, and natural areas (Woodhouse 1978).

(a) In general, dunes and other transient lands such as spits are highly desired by developers, b